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(54) METHOD FOR PRODUCING BLANK FOR PHOTOMASK AND PHOTOMASK 

(57)Abstract 

PROBLEM TO BE SOLVED: To suppress the generation of dust from a target, to obtain blanks for photomasks nearly free of the 
occurrence of defects and particles and to obtain a photomask. 

SOLUTION: In a method for producing blanks for photomasks in which a target and transparent substrates subjected to film formation 
are disposed in a chamber in such a way that the substrates confront the target, a sputtering gas containing a reactive gas is fed into 
the chamber and reactive sputtering is carried out to form a phase shift film on each of the substrates, one or more targets 
comprising at least one selected from simple substances, alloys and compounds of metals and one or more targets comprising single- 
crystalline silicone are disposed as the above target and the reactive sputtering is carried out while relatively moving the targets and 
the substrates. 
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* NOTICES * 

JPO and XNPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Have a target, this target, and the transparence substrate that is the candidate for membrane 
formation arranged in the location which counters in a chamber, and the sputtering gas containing 
reactant gas is supplied in this chamber. In the manufacture approach of BURANKUSU for photo masks 
which forms the phase shift film on a transparence substrate by performing reactive sputtering While 
arranging respectively at least one sort of targets chosen from a metaled simple substance, an alloy, and 
metallic compounds as the above-mentioned target, and one or more targets which consist of single 
crystal silicon The manufacture approach of BURANKUSU for photo masks characterized by 
performing reactive sputtering, moving this target and a substrate relatively. 

[Claim 2] The manufacture approach of BURANKUSU for photo masks according to claim 1 using the 
metal target chosen from at least one W, Mo, Ti, Ta, Zr, Hf, Nb, V, Co, Cr, and nickel as the above- 
mentioned target, and at least one single crystal silicon target. 

[Claim 3] The manufacture approach of BURANKUSU for photo masks according to claim 1 using the 
target expressed with at least one MSi (however, M is at least one sort of metals chosen from W, Mo, Ti, 
Ta, Zr, Hf, Nb, V, Co, Cr, and nickel) as the above-mentioned target, and at least one single crystal 
silicon target. 

[Claim 4] The manufacture approach of BURANKUSU for photo masks according to claim 3 which is 
the presentation with few amounts of silicon than the presentation with the above-mentioned MSi target 
stable to a presentation stable to stoichiometric, or stoichiometric. 

[Claim 5] Claim 1 which uses as a principal component MSi (however, M is the same semantics as the 
above) in which the above-mentioned phase shift film contains any one or more sorts chosen from 
oxygen, nitrogen, carbon, and a fluorine thru/or the manufacture approach of BURANKUSU for photo 
masks of four given in any 1 term. 

[Claim 6] The manufacture approach of the photo mask characterized by carrying out pattern formation 
of BURANKUSU for photo masks obtained by the approach of five claim 1 thru/or given in any 1 term 
by the lithography method. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] When this invention is further explained in full detail about the manufacture 
approach of of the BURANKUSU for photo masks and the photo mask which are used for 
photolithography, it relates to the manufacture approach of BURANKUSU for photo masks used 
suitable for micro processing, such as high density semiconductor integrated circuits, such as LSI and 
VLSI, CCD (charge-coupled device), a color filter for LCD (liquid crystal display component), and the 
magnetic head, and the manufacture approach of a photo mask. 
[0002] 

[Description of the Prior Art] Generally the photo mask which has wide range applications, such as 
micro processing, such as CCD (charge-coupled device) including semiconductor integrated circuits, 
such as IC and LSI, a color filter for LCD (liquid crystal display component), and the magnetic head, 
forms the light-shielding film which used chromium as the principal component by the predetermined 
pattern on translucency substrates, such as a quartz substrate. In recent years, detailed-ization of a circuit 
pattern progresses with the commercial-scene demand of high integration of a semiconductor integrated 
circuit etc., and it has corresponded by attaining short wavelength-ization of exposure wavelength to 
this. 

[0003] However, while short wavelength-ization of exposure wavelength had improved resolution, 
reduction in the depth of focus was caused, the stability of a pattern imprint process fell, and it had the 
problem of having a bad influence on the yield of a product. 

[0004] To such a problem, in order to perform micro processing more, the method of processing a 
detailed configuration with sufficient control is proposed using interference of the light called the phase 
shift film. For example, what is used independently (JP,4-136854,A), the thing (Japanese Patent 
Publication No. No. 59296 [ 62 to ] official report) to use combining a light-shielding film and the phase 
shift film are proposed, using the chromium film with which oxygen was added, and molybdenum 
silicide as phase shift film. 

[0005] Moreover, what is called the halftone mold phase shift mask which prepared the layer (phase 
shift film) to which light changes the phase of light with through and the transparency section slightly to 
the part shaded as one of the phase shift masks is proposed. 

[0006] What has the phase shift film which consists of molybdenum silicide oxide (MoSiO), a 
molybdenum silicide oxidation nitride (MoSiON), etc., for example as this halftone mold phase shift 
mask is proposed (JP,7-140635,A). 

[0007] When manufacturing not only a halftone mold phase shift mask such but a photo mask, 
BURANKUSU for photo masks which formed the thin film on the quartz substrate by sputtering using a 
target is created first. For example, in case BURANKUSU for photo masks which consists of 
molybdenum silicide oxide is manufactured, the thin film (phase shift film) of molybdenum silicide 
oxide is formed on a quartz substrate by performing reactive sputtering, supplying the mixed gas of 
argon gas and oxygen gas in the chamber on which the quartz substrate was put using the target of 
molybdenum silicide. 

[0008] In this case, although the target of molybdenum silicide is used also as a sputtering target not 
only when manufacturing BURANKUSU for photo masks as mentioned above, but in the case of 
producing semiconductor integrated circuits, such as IC and LSI, the target of such molybdenum silicide 
heat-treats molybdenum silicide and silicon, after making it combine, is ground and is manufactured by 
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carrying out press forming of this farther. 

[0009] However, if membranes are formed using the metal silicide target which consists of a sintered 
• compact which made a metal and silicon powder sinter, raising dust will increase, and for this reason, 
there is a problem that dust etc. will adhere on a substrate or a thin film during membrane formation, and 
particle and a defect will arise. Since Si particle increases when Si is especially made [ more ] in a metal 
silicide target than stoichiometry, there is a problem of further becoming easy to carry out raising dust. 
[0010] This invention was made in view of the above-mentioned trouble, and aims at offering the 
manufacture approach of BURANKUSU for photo masks that generating of particle or a defect can 
obtain few remarkable BURANKUSU for photo masks and photo masks, and the manufacture approach 
of a photo mask. 
[0011] 

[The means for solving a technical problem and the gestalt of implementation of invention] In order that 
this invention person may attain the above-mentioned purpose, as a result of repeating examination 
wholeheartedly, a target, Have this target and the transparence substrate which is the candidate for 
membrane formation arranged in the location which counters in a chamber, and the sputtering gas 
containing reactant gas is supplied in this chamber. In the manufacture approach of BURANKUSU for 
photo masks which forms the phase shift film on a transparence substrate by performing reactive 
sputtering While arranging respectively at least one sort of targets chosen from a metaled simple 
substance, an alloy, and metallic compounds as the above-mentioned target, and one or more targets 
which consist of single crystal silicon By performing reactive sputtering, moving these targets and a 
substrate relatively The raising dust from the target itself can be lessened extremely, and it came to make 
a header and this invention for quality BURANKUSU for photo masks and the quality photo mask of a 
defect and particle with it being obtained in the phase shift film. [ little / generating is remarkable and ] 
[0012] That is, this invention offers following BURANKUSU for photo masks, and the manufacture 
approach of a photo mask. 

Claim 1 : Have a target, this target, and the transparence substrate that is the candidate for membrane 
formation arranged in the location which counters in a chamber, and the sputtering gas containing 
reactant gas is supplied in this chamber. In the manufacture approach of BURANKUSU for photo masks 
which forms the phase shift film on a transparence substrate by performing reactive sputtering While 
arranging respectively at least one sort of targets chosen from a metaled simple substance, an alloy, and 
metallic compounds as the above-mentioned target, and one or more targets which consist of single 
crystal silicon The manufacture approach of BURANKUSU for photo masks characterized by 
performing reactive sputtering, moving this target and a substrate relatively. 

Claim 2: The manufacture approach of BURANKUSU for photo masks according to claim 1 using the 
metal target chosen from at least one W, Mo, Ti, Ta, Zr, Hf, Nb, V, Co, Cr, and nickel as the above- 
mentioned target, and at least one single crystal silicon target. 

Claim 3: The manufacture approach of BURANKUSU for photo masks according to claim 1 using the 
target expressed with at least one MSi (however, M is at least one sort of metals chosen from W, Mo, Ti, 
Ta, Zr, Hf, Nb, V, Co, Cr, and nickel) as the above-mentioned target, and at least one single crystal 
silicon target. 

Claim 4: The manufacture approach of BURANKUSU for photo masks according to claim 3 which is 
the presentation with few amounts of silicon than the presentation with the above-mentioned MSi target 
stable to a presentation stable to stoichiometric, or stoichiometric. 

Claim 5: Claim 1 which uses as a principal component MSi (however, M is the same semantics as the 
above) in which the above-mentioned phase shift film contains any one or more sorts chosen from 
oxygen, nitrogen, carbon, and a fluorine thru/or the manufacture approach of BURANKUSU for photo 
masks of four given in any 1 term. 

Claim 6: The manufacture approach of the photo mask characterized by carrying out pattern formation 
of BURANKUSU for photo masks obtained by the approach of five claim 1 thru/or given in any 1 term 
by the lithography method. 

[0013] In the approach of manufacturing BURANKUSU for photo masks, and a photo mask by the 
reactant spatter according to this invention While using respectively at least one sort of targets chosen 
from a metaled simple substance, an alloy, and metallic compounds, and one or more targets which 
consist of single crystal silicon By performing reactive sputtering, moving these targets and a substrate 
relatively The raising dust from a target can be decreased compared with the case where the target of 
conventional metal silicide, especially a target with more Si than stoichiometry are used. This raising 
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dust adheres on a substrate or a thin film, and generating of a defect and particle is remarkable and few 
therefore, few quality BURANKUSU for photo masks and photo masks of a pattern defect are obtained, 
9 and it can respond to detailed-izing of the further semiconductor integrated circuit, and high integration 
enough. 

[0014] Hereafter, it explains in more detail about this invention. The manufacture approach of 
BURANKUSU for photo masks of this invention Have a target, this target, and the transparence 
substrate that is the candidate for membrane formation arranged in the location which counters in a 
chamber, and the sputtering gas containing reactant gas is supplied in this chamber. In the manufacture 
approach of BURANKUSU for photo masks which forms the phase shift film on a transparence 
substrate by performing reactive sputtering While arranging respectively at least one sort of targets 
chosen from a metaled simple substance, an alloy, and metallic compounds as the above-mentioned 
target, and one or more targets which consist of single crystal silicon, reactive sputtering is performed 
moving these targets and a substrate relatively. 

[0015] As a simple substance of the above-mentioned metal, the simple substance of the metal chosen 
from W, Mo, Ti, Ta, Zr, Hf, Nb, V, Co, Cr, and nickel is mentioned. Such a target is rolled out at a room 
temperature, is cut in a desired form and obtained. In addition, a refractory material like Hf, W, and Mo 
can also be obtained by rolling out at an elevated temperature. 

[0016] Metallic compounds with the alloy which contains at least one sort chosen from W, Mo, Ti, Ta, 
Zr, Hf, Nb, V, Co, Cr, and nickel as metallic compounds or an alloy, these metals, oxygen and nitrogen, 
carbon, a fluorine, silicon, etc. are mentioned. 

[0017] Moreover, the one of single crystal silicon where the resistivity is lower is desirable from there 
being little abnormality discharge, and, as for especially resistivity, it is desirable that it is below 0.05- 
ohmcm below 0. 1 -ohmcm. 

[0018] Furthermore, as a target, the target expressed with at least one MSi (however, M is at least one 
sort of metals chosen from W, Mo, Ti, Ta, Zr, Hf, Nb, V, Co, Cr, and nickel.) and at least one single 
crystal silicon target can be used. In this case, it is more desirable than the presentation with a MSi target 
stable to a presentation stable to stoichiometric, or stoichiometric that the amount of silicon is little 
presentation. For example, when M is Mo, MoSi2 target which is stoichiometry, and a single crystal 
silicon target can be used. A target with less [ substantially ] raising dust containing many Si than 
stoichiometry is obtained without using MoSi2.3 target which contains many Si from stoichiometry with 
much raising dust by this. 

[0019] As a target, although the target of disc-like, square tabular, rectangular plate-like, and the various 
configurations of cylindrical ** can be used, for example, a disc-like target is especially desirable. In 
addition, the diameter of a disc-like target is 50mm - about 400mm, and thickness is usually 3mm - 
about 20mm. 

[0020] In addition, especially as a substrate used for membrane formation, it is not restricted, for 
example, a transparent quartz substrate, alumino silicate glass, a calcium fluoride, and magnesium 
fluoride are desirable. 

[0021] The manufacture approach of this invention performs one or more reactive sputtering, moving 
these targets and a substrate relatively, using respectively at least one sort of targets chosen from a 
metaled simple substance, an alloy, and metallic compounds, and the target which consists of single 
crystal silicon. 

[0022] In this invention, moving a target and a substrate relatively says moving a target to a substrate, 
and moving a substrate to a target, or moving both a target and a substrate, and making it move by a 
certain approach so that it may become the location where a substrate location differs from a target 
location in short. 

[0023] Specifically, reactive sputtering can be performed using a sputtering system as shown in drawing 
1 . The sputtering system of this drawing 1 is equipped with the pivotable disc-like target susceptor 3 
and the pivotable disc-like substrate susceptor 4, arranges the 1 st target 1 of a class and 2nd target 1 a 
which are different in the predetermined location of the target susceptor 3, respectively, it attaches 
substrates 2 and 2 in the substrate susceptor 4 so that face to face may be stood against these targets, and 
where the target susceptor 3 is fixed, it performs reactive sputtering, rotating the substrate susceptor 4 in 
the drawing 1 Nakaya mark direction. In addition, in drawing 1 , although it arranges a substrate and two 
targets at a time, the number of substrates one, and especially if a target is at least two sorts of two or 
more pieces, it will not be restricted, but can also be prepared further. [ two or more ] 
[0024] Moreover, reactive sputtering can also be performed, rotating the target susceptor 3 which has 
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arranged Targets 1 and 1 a where the substrate susceptor 4 is fixed in the drawing 2 Nakaya mark 
direction, as shown in drawing 2 . Furthermore, although illustration is omitted, reactive sputtering can 
■- also be performed, rotating the target susceptor 3 and the substrate susceptor 4 in the mutually different 
direction. 

[0025] Two or more two sorts of targets are prepared alternately with **. A substrate furthermore, 
* rotation or by carrying out translational motion How to perform reactive sputtering while moving a 
target and a substrate relatively, ** As shown in the approach and ** drawing 3 which perform reactive 
sputtering while preparing a metal target in one side in a chamber, preparing one single crystal silicon 
target at a time in another side respectively and making a substrate reciprocate among these targets The 
approach of performing reactive sputtering etc. is also employable, moving continuously two or more 
substrates 2 which prepared respectively two or more at least 2 sorts of target 1 — , for example, were 
attached on the migration devices 5, such as a band conveyor, in the drawing 3 Nakaya mark direction. 
[0026] What used the RF (RF) power source is sufficient also as the thing using the direct-current (DC) 
power source as the sputtering approach, it may be a magnetron sputtering method, or you may be 
conventional auction. In addition, a passage mold or a sheet mold is also available for membrane 
formation equipment. 

[0027] The presentation of the sputtering gas at the time of forming membranes can be formed by 
adding suitably so that the phase shift film which has gas which contains carbon, such as oxygen gas, 
nitrogen gas, various nitrogen oxide gas, and various carbon monoxide gas, in inert gas, such as an 
argon, formed may have a desired presentation. In this case, as gas containing carbon, although there are 
various hydrocarbon gas, such as methane, carbon monoxide gas of a carbon monoxide or a carbon 
dioxide, etc., it is desirable [ a carbon dioxide / reactivity ] especially from being low stable gas while 
being able to use a carbon dioxide as a carbon source and a source of oxygen. 

[0028] Thus, as for the phase shift film formed, what uses as a principal component MSi (however, M is 
at least one sort of metals chosen from W, Mo, Ti, Ta, Zr, Hf, Nb, V, Co, Cr, and nickel.) containing any 
one or more sorts chosen from oxygen, nitrogen, carbon, and a fluorine is desirable, and the MoSiOC 
film, the MoSiONC film, and its MoSiFONC film are desirable also in these. 

[0029] When forming MoSiOC, specifically, it is desirable to perform reactive sputtering, using the 
mixed gas of argon gas and the choke damp as sputtering gas, using two sorts of targets of molybdenum 
and single crystal silicon as a target. Moreover, when forming the MoSiONC film, it is desirable to 
perform reactive sputtering, using the mixed gas of argon gas, the choke damp, and nitrogen gas as 
sputtering gas, using molybdenum and single crystal silicon as a target. 

[0030] Next, when manufacturing a photo mask using BURANKUSU for photo masks of this invention 
As shown in drawing 4 (A), after forming the phase shift film 12 on a substrate 1 1 as mentioned above, 
as the resist film 13 is formed on this phase shift film 12 and it was shown in drawing 4 (B) Pattern 
NINGU of the resist film 13 is carried out, and further, as shown in drawing 4 (C), dry etching or after 
carrying out wet etching, as shown in drawing 4 (D), the approach of exfoliating the resist film 1 3 etc. 
can adopt the phase shift film 12. In this case, removal of spreading of the resist film, pattern NINGU 
(exposure, development), dry etching or wet etching, and the resist film can be performed by the well- 
known approach. 

[0031] The photo mask obtained by the manufacture approach of this invention has very few the particle 

and the defects in the film, therefore generating of a pattern defect can be lessened. 

[0032] 

[Example] Although an example and the example of a comparison are shown and this invention is 

explained concretely hereafter, this invention is not restricted to the following example. 

[0033] [Example 1] The sputtering gas which mixed Ar, and C02 and N2 with the quartz substrate of 6" 

angle to 7:4:4 by flow rate using the sputtering system as indicated to be one single crystal silicon to 

drawing 1 which prepared one molybdenum target as a target was passed, and the MoSiONC film was 

formed to 1 50nm of thickness by the DC magnetron sputtering method, rotating a substrate. 

[0034] The number of particle with a magnitude [ of the obtained MoSiONC film ] of 0.3 micrometers 

or more was measured by the laser scattered light. A result is shown in Table 1 . 

[0035] [Example 2] The sputtering gas which mixed Ar, and C02 and N2 with the quartz substrate of 6" 
angle to 7:4:4 by flow rate using the sputtering system as indicated to be one single crystal silicon to 
drawing 1 which prepared one MoSi2 target as a target was passed, and the MoSiONC film was formed 
to 150nm of thickness by the DC magnetron sputtering method, rotating a substrate. 
[0036] The number of particle with a magnitude [ of the obtained MoSiONC film ] of 0.3 micrometers 
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or more was measured by the laser scattered light. A result is shown in Table 1 . 

[0037] [Example 1 of a comparison] The MoSiONC film was formed to 150nm of thickness on the same 
conditions as an example 1 except having used the sputtering system which formed one MoSi2.3 as a 
target. 

[0038] The number of particle with a magnitude [ of the obtained MoSiONC film ] of 0.3 micrometers 

or more was measured by the laser scattered light. A result is shown in Table 1 . 

[0039] 





MoSiONCl»C0/<— -r-f^US 




6 HI 




103H 




2538d 



[0040] 

[Effect of the Invention] While using respectively at least one sort of targets chosen from a metaled 
simple substance, an alloy, and metallic compounds, and one or more targets which consist of single 
crystal silicon according to this invention, moving these targets and a substrate relatively, by performing 
reactive sputtering, the raising dust from a target can decrease remarkably and quality BURANKUSU 
for photo masks and the quality photo mask with very little generating of a defect and particle can be 
obtained. 
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* NOTICES * 

iTPO and INFIX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[ Drawin g 1] 
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[Drawing 2] 
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[Drawing 3] 
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